The biosynthesis of nanoparticles has been proposed as a cost effective and environmental friendly alternative to chemical and physical methods. Plant mediated synthesis of nanoparticles is a green chemistry approach that intercomnects nanotechnology and plant biotechnology. In the present study, synthesis of silver nanoparticles (AgNPs) or (Green-Silver) has been demonstrated using extracts of Ananas comosus reducing aqueous silver nitrate. The AgNPs were characterized by Ultraviolet-Visible (UV-vis) Spectrometer, Energy Dispersive X-ray Analysis (EDAX), Selected Area Diffraction Pattern (SAED) and High Resolution Transmission Electron Microscopy (HRTEM). TEM micrographs showed spherical particles with an average size of 12 nm. The XRD pattern showed the characteristic Bragg peaks of (111), (200), (220) and (311) facets of the face center cubic (fcc) silver nanoparticles and confirmed that these nanoparticles are crystalline in nature. The different types of antioxidants presented in the pineapple juice synergistically reduce the Ag metal ions, as each antioxidant is unique in terms of its structure and antioxidant function. The reaction process was simple for formation of silver nanoparticles and AgNPs presented in the aqueous medium were quite stable, even up to 4 months of incubation. This work proved the capability of using biomaterial towards the synthesis of silver nanoparticle, by adopting the principles of green chemistry.
Introduction
Currently, sustainability initiatives that use green chemistry to improve and/or protect our global environment are focal issues in many fields of research. The development of cost efficient and ecologically benign methods of synthesis of nanomaterials still remains a scientific challenge as metal nanoparticles are of use in various catalytic applications, viz electronics, biology and biomedical applications, material science, physics, environmental remediation fields [1] [2] [3] [4] [5] [6] [7] [8] . It is well known that the toxicity of nanomaterials essentially depends on the structural features such as size, shape, composition and the surface chemistry. To prolong the life span of metal nanoparticles it is vital to select stabilizing agents and pathways that are environmentally friendly, non toxic and easy to implement. Novel methods of ideally synthesizing NPs are thus being thought which are formed at ambient temperatures, neutral pH, low costs and environmentally friendly fashion. Keeping these goals in view nanomaterials have been synthesized using various routes. Among the biological alternatives, plants and plant extracts seem to be the best option. Plants are nature's "chemical factories". They are cost efficient and require little or no maintenance. A vast repertoire of secondary metabolites is found in all plants which possess redox capacity and can be exploited for biosynthesis of nanoparticles. As a wide range of metabolites are presented in the plant products/extracts, nanoparticles produced by plants are more stable and the rate of synthesis is faster in comparison to microorganisms. Thus, the advantages of using plant and plant-derived materials for biosynthesis of metal nanoparticles have instigated researchers to investigate mechanisms of metal ions uptake and bioreduction by plants, and to understand the possible mechanism of metal nanoparticle formation in and by the plants [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Ananas comosus L. belongs to Bromeliaceae family and is a subtropical fruit native to Thailand, Phillipines, China, Brazil and India. Pineapple has several beneficial properties including antioxidant activity. It contains enzymes which are a mixture of protease and which are known and sold as a nutritional supplement to "promote digestive health" and as an anti-inflammatory medication [19] . It has been applied in the anticancer activity [20] and in the immunization of influenza virus [21] . Phyto-chemicals, especially phenolics, in fruits and vegetables are suggested to be the major bioactive compounds for the health benefits [22] . Pineapple contains phytochemicals [23, 24] which include antioxidant substances that fight against free radical cell damage and have been commonly used in traditional Chinese medicine [25, 26] . Polyphenols possess outstanding antioxidant and free radical scavenging properties, suggesting a possible protective role in humans [27, 28] . Their antioxidant potential is closely related to the number of hydroxyls, the higher the number, the more potent the chain breaking antioxidant action of the compound [29] . Plant phenolics are the largest class of plant secondary metabolites, which serve in plant defense mechanism to counteract reactive oxygen species (ROS) in order to survive and prevent molecular damage. In this communication we report a green method for the synthesis of silver nanoparticles at room temperature by using plant extracts of Ananas comosus as reducing/stabilizing agents and the probable mechanism for the formation of NPs.
Materials and Methods

Synthesis of Silver Nanoparticles
Pineapple (Ananas comosus L. var. queen) fruits were purchased from the local market. The extraction sample was prepared by extracting the juice of the pulpy fruit, sieving it and storing it for the synthesis of AgNPs. Both fresh and refrigerated juice (frozen for 24 h and 48 h) were used and they yielded similar results.
Aqueous solution of 10,000 ppm mol/L of AgNO 3 was prepared. The pineapple juice was added to different flasks containing AgNO 3 for bioreduction. The volume ratio of pineapple juice to aqueous AgNO 3 was 1:10. Addition of the pineapple broth to aqueous AgNO 3 resulted in change of colour within minutes resulting in the formation of AgNPs showing its signatory colour. The bioreduction of Ag + ions was monitored by periodic sampling by the UV spectrophotometer.
Characterization of the Synthesized Silver Nanoparticles
The optical absorbance was recorded on UV-Vis spectrophotometer (Systronics 2202 double beam model) in 200 -800 nm wavelength range. It was observed that upon addition of the extract into the flask containing the aqueous silver nitrate solution, the colour of the medium changed to brown within 2 min. This indicated the formation of silver nanoparticles. The solution containing the signatory colour of AgNPs (dark brown- Figure 1 ) was then poured out into petri-dishes and left in the oven for drying at 250˚C for 24 h. The formation and quality of compounds were checked by XRD technique. The X-ray diffraction (XRD) pattern measurements of dropcoated film of AgNPs on glass substrate were recorded in a wide range of Bragg angles θ at a scanning rate of 2˚min
, carried out on a Philips PW 1830 instrument that was operated at a voltage of 40 kV and a current of 30 mA with CuKα radiation (1.5405 Å). High Resolution Transmission Electron Microscopy (HRTEM) was performed by TECHNAIG20-STWIN (200 KV) machine with a line resolution 2.32 (in angstrom). These images were taken by drop coating AgNPs on a carbon-coated copper grid. Energy Dispersive Absorption Spectroscopy photograph of AgNPs were carried out by the HRTEM equipment as mentioned above. Figure 1 shows UV-Vis spectra recorded at different time intervals from aqueous solution of silver nitrate with Ananas comosus extract. The samples display an optical absorption band peak at about 430 nm, typical of absorption for metallic Ag nanoclusters, due to the Surface Plasmon Resonance (SPR). Effect of the reaction time on AgNPs synthesis was also evaluated with UV-Visible spectra and it is noted that with an increase in time the peak becomes sharper. The increase in intensity could be due to increasing number of nanoparticles formed as a result of reduction of silver ions presented in the aqueous solution. The weak absorption peak at 200 nm (not shown here) indicates the presence of several organic compounds which are known to interact with silver ions into solution and suggests a possible mechanism for the reduction of the metal ions presented in the solution. Disturbances in the 200 nm -320 nm were observed after 1 hour of the reaction probably indicating that the capping occurs after the reduction of the silver nanoparticles.
Results
The exact nature of the silver particles formed can be deduced from the XRD spectrum of the sample. XRD pattern of the plant derived AgNPs (Figure 2) shows fraction lines is due to a reduction in crystallite size, flattening and micro-strains within the diffracting domains.
The mean particle diameter of AgNPs was calculated from the XRD pattern, according to the line width of the maximum intensity reflection peak. The size of the nanoparticles through the Scherrer equation is given by Equation (1).
where θ is the Bragg angle and λ is the wavelength of the X-ray used, β is the breadth of the pure diffraction profile in radians on 2θ scale and k is a constant approximately equals to unity and related both to the crystalline shape and to the way in which θ is defined. The best possible value of k has been estimated as 0.89. The Full Width at Half Maximum (FWHM) values measured for (111), (200), (220), and (311) planes of reflection were used with the Debye-Scherrer Equation (1) to calculate the size of the nanoparticles. four intense peaks in the whole spectrum of 2θ values ranging from 20˚ to 80˚. XRD spectra of pure crystalline silver structures have been published by the Joint Committee on Powder Diffraction Standards (file no. 04-0783). A comparison of our XRD spectrum with the Standard confirmed that the silver particles formed in our experiments were in the form of nanocrystals, as evidenced by the peaks at 2θ values of 38.45˚, 44.48˚, 64.69˚ and 77.62˚, corresponding to (111), (200), (220), and (311) planes for silver, respectively. The unassigned peaks could be due to the crystallization of bioorganic phase that occurs on the surface of the nanoparticle. Two small insignificant impurity peaks observed at 68˚ and 75˚ are attributed to the presence of other organic substances in culture supernatant. The X-ray diffraction peaks were found to be broad around their bases indicating that the silver particles are in nanosizes. The peak broadening at half maximum intensity of the X-ray difFurther analysis of the silver particles by energy dispersive spectroscopy confirmed the presence of the signal characteristic of elemental silver. Figure 3 shows the Energy Dispersive Absorption Spectroscopy photographs of derived AgNPs. All the peaks of Ag are observed and are assigned. Peaks for Cu and C are from the grid used and the peaks for S, P and N correspond to the protein capping over the AgNPs. Silver nanocrystallites display an optical absorption band peak at approximately 3 keV, which is typical of the absorption of metallic silver nanocrystallites due to surface.
HRTEM images of AgNPs derived from the extract of pineapple are shown in Figure 4 .
The morphology of the NPs was predominantly spherical. Some of the NPs were found to be oval and/or elliptical. Such variation in shape and size of nanoparticles synthesized by biological systems is common. It was noticeable that the edges of the particles were lighter than the centres, suggesting that biomolecules, such as proteins, capped the silver NPs. TEM analysis showed that most particles had a size of about 12 nm. The particle size distribution histogram for the AgNPs determined from the TEM image is shown in Figure 5 . From this figure, it is clear that the frequency peak comes at approximately 10 nm -15 nm, and particles, whose sizes range from 5 nm to 30 nm, account for about 75% of the total particles observed. Figure 6 shows selected area electron diffraction pattern (SAED) of the silver nanoparticles. The silver particles are crystalline, as can be seen from the selected area diffraction pattern recorded from one of the nanoparticles in the aggregate. SAED spots that corresponded to the different crystallographic planes of face-centered cubic (fcc) structure of elemental silver are seen in Figure 6 . The XRD spectrum of silver nanoparticles (Figure 2 exhibiting the characteristic peaks of the silver crystallites observed at 2θ values of 38.5˚, 44.48˚, 64.69˚ and 77.62˚ corresponding to (111), (200), (220) and (311) of the face centered cubic (fcc) silver nanoparticles, is also in agreement with SAED result.
Discussion
Plants contain a complex network of antioxidant metabolites and enzymes that work together to prevent oxidative damage to cellular components. Pineapple contains a number of essential nutrients, including vitamin C, man-ganese, and fibre. It also contains beneficial plant phytochemicals (Ferulic acid and chlorogenic acid) which have antioxidant and anti-cancer activities. These antioxidative compounds delay or inhibit the oxidation of molecules by inhibiting the initiation or propagation of oxidative chain reaction. The antioxidative activity of phenolic compounds is mainly due to their redox property, which plays an important role in absorbing and neutralizing free radicals, quenching singlet and triplet oxygen or decomposing peroxides [30] . Several reports have conclusively shown close relationship between total phenolic contents and antioxidative capacity [31] [32] [33] . The antioxidant activity is the result of a combination of different compounds having synergistic and antagonistic effect.
Ferulic acid due to its phenolic nucleus and an extended side chain conjugation readily forms a resonance stabilized phenoxy radical which accounts for its potent antioxidant potential. UV absorption by Ferulic acid catalyzes stable phenoxy radical formation. By virtue of effectively scavenging deleterious radicals and suppressing radiation-induced oxidative reactions, Ferulic acid may serve an important antioxidant function. This radical is highly resonance stabilized since the unpaired oxygen although present, may be delocalised across the whole molecule [34] .
It is thus possible that Ferulic acid acts as a reducing agent and is oxidized by AgNO 3 , resulting in the formation of silver NPs (Figure 7) . The reaction could be summarised as: 3 3 AgNO Ag NO Ag Ag e        Another phenol, with high radical scavenging capacity presented in the pine apple extract is the chlorogenic acid. Hydrocinnamic acids, caeffic acids, rosemarinic acid and chlorogenic acids are more efficient scavengers of free radicals than benzoic acid derivatives [28, 35, 36] .
The structural feature responsible for the antioxidant ability and free scavenging ability is attributed to the orthodihydroxl functionality in the catechol ring of the compound. The radical scavenging capacity has been attributed to the H − ion donating capacity of the compound [36] .
Both antioxidant and antinitrosaminic properties of chlorogenic acid stem from the oxidizable ortho-diphenolic functionality, which can act as an H-atom donor toward reactive oxygen species and other biological oxidants.
Thus the different types of antioxidants presented in the pineapple juice synergistically reduce the Ag metal ions as each antioxidant is unique in terms of its structure and antioxidant function of trapping the different free radicals. In addition different antioxidants react with one another to regenerate each other forming an antioxidant network.
Conclusions
The rapid synthesis of stable silver nanoparticles of average size ~12 nm using pineapple juice was demonstrated. Achievement of such rapid time scales for synthesis of silver nanoparticles makes it more efficient as a biosynthetic pathway, though there still remains some scope for further decreasing the reduction time periods to make it a viable alternative to chemical synthesis methods.
Probably the biomolecules responsible for the reduction and stabilisation of AgNPs are phenols. The phenolics in pineapple exhibit excellent antioxidant activity and these phenols can react with a free radical to form the phenoxyl radicals. Therefore, the use of natural antioxidants for the synthesis of AgNPs seems to be a good alternative which can be due to its benign composition. The plant material responsible for the reduction and stabilisation of NPs needs further study including extraction and identification of the compounds presented in the extract.
